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Insects are a group of arthropods and the largest group of animals on Earth, with over one million species described to date. 
Like other life forms, insects suffer from viruses that cause disease and death. Viruses that are pathogenic to beneficial insects 
cause dramatic economic losses on agriculture. In contrast, viruses that are pathogenic to insect pests can be exploited as at-
tractive biological control agents. All of these factors have led to an explosion in the amount of research into insect viruses in 
recent years, generating impressive quantities of information on the molecular and cellular biology of these viruses. Due to the 
wide variety of insect viruses, a better understanding of these viruses will expand our overall knowledge of their virology. Here, 
we review studies of several newly discovered RNA insect viruses in China. 
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From the view of biology, insects are the hosts of insect 
virus. However, a balanced relationship has been estab-
lished between many insect viruses and their hosts. Re-
search on insect viruses has two direct purposes: the protec-
tion of beneficial insects and biological control. Most im-
portantly, due to the wide variety of insect viruses, studying 
these viruses and determining the similarities and differ-
ences among them will extend our understanding of virolo-
gy and, moreover, facilitate the study of the important hu-
man viral pathogens. This review focuses on several newly 
discovered positive-strand RNA viruses isolated from in-
sects in China, including nodavirus, a well-recognized 
model for studying RNA virus replication [1–7], tetravirus, 
a good model for studying the molecular driving forces for 
the evolution of positive-strand RNA viruses [8–10], and 
picorna-like virus, an ideal model for studying the molecu-
lar mechanism of important human pathogens as there is no 
concerns for its biological safety [11–17].  
1  Wuhan Nodavirus 
Wuhan Nodavirus (WhNV) is the first reported nodavirus 
isolated from insects in China [5]. As a member of the fam-
ily Nodaviridae, WhNV is a non-enveloped virus with a 
T=3 icosahedral capsid. Its genome consists of two positive-     
strand RNAs: RNA1 (3.1 kb) and RNA2 (1.4 kb) [5,18]. 
RNA1 contains an open reading frame (ORF) for the syn-
thesis of protein A, which serves as the RNA-dependent 
RNA polymerase (RdRp) for the amplification of both ge-
nomic strands, as well as a subgenomic RNA (sgRNA3). 
Protein A is the only virus-encoded protein required for 
genomic RNA replication and also suffices for the addition 
of cap-structures to the 5′ ends of progeny RNA [19]. RNA2 
encodes the precursor of the coat protein (protein ), which 
is not infectious unless it undergoes autocatalytic cleavage 
[20]. WhNV sgRNA3 is 370 nt in length, which is not 
packaged into virions, and encodes protein B2, a viral sup-
pressor of RNA silencing in infected hosts [21–23]. 
WhNV sgRNA3 is synthesized via an internal initiation 
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mechanism from its transcriptional start site (negative-      
strand RNA1, 2780 nt) [24]. The core promoter of WhNV 
sgRNA3 is between positions 22 to +6 nt of its transcrip-
tional start site. The stem-loop structure of WhNV sgRNA3 
is predicted upstream its transcriptional start site. Both the 
secondary structure and the primary sequence are required 
for promoter activity. Also, the synthesis of sgRNA3 is 
tightly coupled to the replication of RNA2 [24]. 
RNA interference (RNAi) is a eukaryotic gene silencing 
mechanism that functions as antiviral innate immunity in 
diverse organisms [25]. To combat RNAi immunity, viruses 
encode viral suppressors of RNA silencing (VSRs) that tar-
get RNA or protein components of the RNAi machinery 
[26]. WhNV B2 protein inhibits the host RNAi antiviral 
pathway at several levels [21]. For instance, WhNV B2 in-
hibits Dicer-mediated double-stranded (ds)RNA cleavage 
and the incorporation of siRNA into the RNA-induced si-
lencing complex (RISC) by sequestering dsRNA and siRNA 
[22]. In addition, WhNV B2 protein suppresses the RNAi 
pathway by directly interacting with the PAZ and RNase III 
domains of Dicer-2 and blocking the activity of Dicer-2 via 
its C-terminal region [21]. Moreover, RNA binding en-
hances the B2-Dicer-2 interaction by promoting B2 ho-
modimerization [21,22]. 
Despite being insect pathogens, nodaviruses have gained 
increasing attention in the scientific community as ideal 
model organisms for RNA virology and as vehicles for for-
eign protein presentation [27]. These nodavirus applications 
are mainly due to their following distinct features: (i) they 
share a simple genomic organization and replicate in a wide 
variety of cells [28,29]; (ii) they serve as valuable model 
systems to study the innate immunity of insects, particularly 
the induction and suppression of RNA silencing [30–37]; 
and (iii) they can be used as epitope presentation systems 
for the development of novel anthrax antitoxins and vac-
cines [38–41]. Due to these important features, a better un-
derstanding of the core steps of the nodaviral life cycle, 
such as replication and survival, is highly desired. 
2  Dendrolimus punctatus tetravirus 
Dendrolimus punctatus tetravirus (DpTV) was isolated from 
diseased Dendrolimus punctatus (pine moth) from Yunnan 
Province, China, and represents a new member of the genus 
Omegatetraviruses of the family Alphatetraviridae [42]. 
DpTV has a non-enveloped and icosahedral T=4 viral parti-
cle. The virus consists of two capsid proteins (62.5 and 6.8 kD) 
and two positive-strand RNAs (RNA1 and RNA2), which 
are 5.4 and 2.5 kb long, respectively [42]. 
RNA1 has a large ORF encoding a polypeptide of ~180 
kD, while RNA2 contains two partially overlapping ORFs 
encoding polypeptides of 17 and 70 kD, respectively [42]. 
The 180 kD protein contains consensus motifs of a putative 
methyltransferase, a helicase, and an RdRp, which shows 
significant similarity to those of other tetraviruses [42].  
The replication of the positive-strand RNA viral genome 
consists of two steps: (i) synthesis of a complementary neg-
ative-strand RNA with the positive-strand genomic RNA as 
a template; and (ii) subsequent synthesis of progeny RNAs 
with the positive-strand RNA as a template. RdRps are cen-
tral components in the life cycle of RNA viruses and are 
able to initiate RNA synthesis [43–45]. DpTV RdRp initi-
ates viral RNA synthesis in a primer-independent manner 
but not via terminal nucleotidyl transferase activity in the 
presence of Mg2+ and an RNA template [46]. Mutation of 
the conversed RNA replication motif (GDD to GAA) abol-
ishes the polymerase activity [46]. 
DpTV p17 protein is a RNA-binding protein [47]. When 
analyzed for its capacity to form oligomers, p17 was found 
to form dimers and tetramers. The p17 dimers bind to the 
RNA2 3′-UTR and RNA2 5′-UTR, as well as unrelated 
ssRNA and dsRNA, but not to the RNA1 3′-UTR. Thus, it 
appears that p17 dimers lack affinity for the RNA1 se-
quence. Further, the p17 tetramers only bind to the RNA2 
3′-UTR, which indicates cooperative and specific properties 
of RNA binding. This specificity is both related to the co-
operativity of p17 subunits in the tetramer and related to the 
sequence and structure of the RNA. The circular dichroism 
(CD) spectra of the viral RNA1 3′UTRs prove that their 
secondary structures are similar to yeast tRNAs [47]. The 
CD spectrum of the RNA1 3′-UTR indicates that its struc-
ture is slightly different from that of the RNA2 3′-UTR [47]. 
Perhaps these structural differences account for the varying 
affinities of the p17 protein to these UTRs. 
Helicases normally utilize the energy generated from nu-
cleoside triphosphate (NTP) hydrolysis to translocate along 
and unwind the helical structure of dsDNA or dsRNA 
[48,49]. Helicases are classified into six superfamilies (SF), 
SF-1 to SF-6 [49]. Sequence analysis predicts that the 
DpTV replicase contains a helicase domain (Hel). DpTV 
Hel is a functional RNA helicase, belonging to the SF-1 
helicases, with 5′–3′ dsRNA unwinding directionality [50]. 
The unwinding activity of DpTV Hel requires a 5′ single-     
stranded tail on the RNA template and is dependent on  
reaction conditions. DpTV Hel contains NTPase activity, 
and the ATPase activity of DpTV Hel is significantly stim-
ulated by dsRNA [50]. 
Tetraviruses have attracted much attention due to their 
close evolutionary linkage with nodaviruses, such as WhNV, 
that have T=3 capsids. The capsids of both tetraviruses and 
nodaviruses undergo autocatalytic cleavage before infection 
initiates [5,8–10,18]. Moreover, previous structural studies 
demonstrate numerous structural similarities between tetra-
viruses and nodaviruses, suggesting that tetraviruses are 
evolutionarily derived from nodaviruses, and betatetravi-
ruses are evolutionarily more primordial and closer to 
nodaviruses than omegatetravirus [10]. Therefore, a better 
understanding of the biology of tetraviruses may both pro-
vide novel insights into the biological characteristics of the 
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family Tetraviridae and help to elucidate the evolutionary 
relationship among betatetraviruses, omegatetraviruses, 
nodaviruses, and the alphavirus-like virus supergroup, as 
well as the molecular driving forces for the evolution of 
these positive-strand RNA viruses. 
3  Ectropis obliqua picorna-like virus 
Ectropis obliqua picorna-like virus (EoV) is a positive-    
strand RNA virus that leads to a lethal granulosis infection 
in the larvae of the tea looper (Ectropis obliqua) [51]. EoV 
was initially identified in Yunnan Province, China, and was 
classified as a member of the Iflaviridae family [51]. The 
family Iflaviridae comprises invertebrate viruses belonging 
to the picornavirus “superfamily” [52]. EoV possesses a 
large RNA genome (9.4 kb) encoding a single precursor 
polyprotein (340 kD) that shares physicochemical properties 
with those of members of the family Picornaviridae, in-
cluding an RdRp for viral RNA replication, a chymotryp-
sin-like 3C protease for proteolytic processing of picor-
naviral polyproteins into separate proteins, and a putative 
helicase (nonstructural protein 2C) [51–54]. 
The 5′ UTR plays an important role in picornavirus 
translation initiation, as it contains an internal ribosome 
entry site (IRES) that mediates cap-independent translation 
[55]. The EoV IRES functions efficiently in both mamma-
lian cell-derived systems and in an insect cell-derived 
translation system [56]. However, it functions inefficiently 
in a plant cell-derived translation system. Results show that 
deletions within the first 63 nt have little impact on IRES 
activity, while core IRES function is contained within 
stem-loops C and D, as their removal significantly abro-
gates IRES activity [55]. Removal of stem-loop G, which 
contains two cryptic AUGs, causes a remarkable increase in 
IRES activity. The polypyrimidine tract (CCTTTC) has a 
slight effect on EoPV IRES activity.  
The proteolytic processing of viral polyproteins is a cru-
cial step in genome replication and capsid assembly in the 
order Picornavirales, which contains viruses whose ge-
nomes are generally translated a large precursor polypro-
teins. This maturation process is usually mediated by (more 
than one) proteases, and a 3C (for the family Picornaviridae) 
or 3C-like (3CL) protease (for other families), which plays a 
central role in the cleavage of the viral precursor polypro-
tein [57]. The EoV 3CL protease can release itself from 
neighboring domains via the localization of 3CL protease 
activity in the putative EoV 3CL region and the size of EoV 
3CL protease [57]. The conserved H2261, D2299, and C2383 
residues play critical roles in EoV 3CL protease activity. 
Moreover, N-terminal cleavage takes place in the E/A dipep-
tide at positions 2192 and 2193, and C-terminal cleavage 
occurs in the Q/S dipeptide at positions 2491 and 2492 [57]. 
Concerning the order Picornavirales, all of these viruses 
share several common features, such as virion structure and 
genomic organization. Thus, detailed molecular studies of 
EoV may provide novel insights into the biological features 
of various viruses in the order Picornavirales and, possibly, 
help uncover evolutionary driving forces in this group of 
positive-strand RNA viruses. 
4  Conclusion and perspectives 
Unlike human viruses, the study of insect viruses is not cen-
tral to virology because human viruses are directly involved 
in human health. However, as the largest group of biological 
resources on Earth, insect viruses can be used as ideal models 
for studying the molecular details of viruses, the expression 
of exogenous proteins, and the biological control of insect 
pests. Therefore, their significance both in basic scientific 
research and practical applications should not be neglected. 
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